Analysis of Mechanical Behavior of Glass Fibre/ Al2O3-SiC Reinforced Polymer Composites  by Rajesh, S. et al.
 Procedia Engineering  97 ( 2014 )  598 – 606 
1877-7058 © 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Organizing Committee of GCMM 2014
doi: 10.1016/j.proeng.2014.12.288 
ScienceDirect
Available online at www.sciencedirect.com
 
12th GLOBAL CONGRESS ON MANUFACTURING AND MANAGEMENT, GCMM 2014 
Analysis of Mechanical Behavior of Glass Fibre/ Al2O3- SiC 
Reinforced Polymer composites  
S. Rajesh a*, B. VijayaRamnathb, C.Elanchezhianb, N.Aravindc, V.Vijai Rahuld, 
S. Sathishd. 
aResearch scholar, Department of Mechanical Engineering,St.Peter’s University, Chennai – 054, India. 
bProfessor, Department of Mechanical Engineering, Sri Sairam Engineering College, Chennai - 600 044, India. 
c Post Graduate students, Department of Mechanical Engineering, Sri Sairam Engineering College, Chennai - 600 044, India. 
dUnder Graduate students, Department of Mechanical Engineering, Sri Sairam Engineering College, Chennai - 600 044, India. 
 
Abstract 
Nowadays, polymer matrix composite plays a vital role in industries namely automotive, aerospace and marine. This paper involves the 
fabrication of epoxy and polyester resin composites using aluminium oxide, silicon carbide with different proportion of Al2O3 and SiC along 
with GFRP. A mixing unit has been fabricated for making reinforcement mixtures. Mechanical testing like tensile, impact hardness shear bi 
axial are conducted in order to know the properties of fabricated composites. The result shows that composites with epoxy resin shows higher 
strength as compared to composites with polyester resin. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 Aluminium and its alloy have attracted more attention as base metal in polymer matrix composites. They are under 
serious consideration to replace the conventional materials for structural applications such as those in the aeronautical, 
transportation, defence, automotive (pistons, cylinder liners, bearings) and sports industries because of their superior properties 
[1]. The most commonly used reinforcements are Aluminium oxide (Al2O3) and Silicon Carbide (SiC). Aluminium matrix 
composites (AMC) reinforced with SiC are preferred due to their high thermal conductivity, wear resistance, low thermal 
expansion and other improved mechanical properties. The addition of SiC in Aluminium improves properties like hardness, 
tensile strength and density [2]. Ding et al. [3] investigated the behaviour of the unreinforced 6061 aluminium alloy and short 
fiber reinforced alloy. 
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Moreover their studies state that the addition of high-strength Al2O3 fibres will not only strengthen the microstructure, 
but also channel deformation at the tip of a crack into the matrix regions between the fibres, thereby constraining the plastic 
deformation in the matrix leading to reduction of fatigue ductility.VijayaRamnath et al. [4, 5] studied the mechanical behaviour 
of glass fibre and concluded that the polyester resin composite shows higher shear strength and the enhanced performance of 
stiffness and strength will be satisfied at 12mm thick GFRP.NarayanaMurty et al [6] studied the hot working characteristics of 
SiC and Al2O3 particulate reinforced polymer matrix composites. They proposed from productivity viewpoint that a high strain 
rate region in which high values of mass and efficiency are present should be selected for bulk working operations and the 
lower strain rate regions for secondary polymer working operations.Park et al. [7] investigated the effect of Al2O3 in 
Aluminium for volume fractions varying from 5-30% and found that the increase in volume fraction of Al2O3 decreased the 
fracture toughness of the MMC. This is due to decrease in inter-particle spacing between nucleated micro voids. Park et al. [8] 
investigated the high cycle fatigue behaviour of 6061 Al-Mg-Si alloy reinforced Al2O3 microspheres with the varying volume 
fraction ranging between 5% and 30%. They found that the fatigue strength of the powder metallurgy processed composite was 
higher than that of the unreinforced alloy and liquid metallurgy processed composite.Tjong et al. [9] compared the properties of 
two aluminium metal matrix composites, Al–B2O3–TiO2 system and Al–B–TiO2 system. It was found that the reactive hot 
pressing of the composites resulted in the formation of ceramic Al2O3 and TiB2 particulates as well as coarse intermetallic 
Al3Ti blocks. Al–B–TiO2 had higher Al3Ti content and showed high tensile strength, but low tensile ductility. Al–B2O3–TiO2 
had more fatigue strength than Al–B–TiO2. Kok [10] fabricated the Al2O3 particle reinforced 2024 Al alloy composites by 
vortex method and studied their mechanical properties and found the optimum conditions of the production process with a 
pouring temperature of 700°C, preheated mould temperature of 550°C, stirring speed of 900rev/min, particle addition rate of 
5g/min and with a applied pressure of 6MPa. The wettability and the bonding between Al alloy/Al2O3 particles were improved 
by applied pressure but porosity will be decreased by this pressure. Abhishek Kumar et al. [11] experimentally investigated the 
characterization of A359/Al2O3 MMC using electromagnetic stir casting method. They found that the hardness and tensile 
strength of MMC increases and electromagnetic stirring action produces MMC with smaller grain size and good particulate 
matrix interface bonding. Abouelmagd [12] studied the hot deformation and wear resistance of powder metallurgy aluminium 
metal matrix composites. It was found that the addition of Al2O3 and Al4C3 increases the hardness and compressive strength. 
The addition of Al4C3 improved the wear resistance of the MMC. Kannan and Kishawy [13] conducted orthogonal cutting tests 
to study the effect of cutting parameters and particulate properties on the micro-hardness variations on the machined Al2O3 
particulate reinforced AMC and they found that the micro-hardness is higher near the machined surface layer. Micro-hardness 
variations were higher for low volume fraction and coarse particles.  In the present work, an attempt has been made to 
characterizeAl2O3 – SiC reinforced polymer matrix by enhancing it with samples of epoxy and polyester. The three samples 
produced by resin cast method are evaluated and compared in terms of micro structural observation and mechanical testing 
such as tensile, impact, shear, hardness and biaxial stress testing. Sujan et al [15] studied the performance of stir cast Al2O3 and 
SiC reinforced matrix composite material. The result shows that the composite materials exhibit improved physical and 
mechanical properties, such as low coefficient of thermal expansion[4.6x10-6/°C], high ultimate tensile strength up to 23.68%, 
high impact strength and hardness.The effect of increase in volume fraction of Al2O3 in AMC is reduction of impact toughness 
[16].Niranjan Raja et al. conducted and analysis of Woven roving composite laminates and studied the properties and 
performance. The result show that plain specimen is having more strength followed by circular hole and then rectangular hole. 
2. Experimental details 
2.1. Materials  
2.2.1 Glass fiber  
Glass fibre is a material that contains extremely fine fibres of glass. It is light in weight, extremely strong, and robust. 
It is formed when thin strands of silica glass are extruded into many fibres with small diameters. Its bulk strength and weight 
properties are also very favorable when compared to metals, and it can be easily formed using molding processes. It is used as 
a reinforcing agent for composites to form a very strong and light fibre reinforced polymer (FRP) composite material.  
2.2.2 Epoxy resin 
Epoxy resin is used to give great binding properties between the fibre layers. The Epoxy resin used at room 
temperature is LY 556. Hardener (HY 951) is employed to improve the interfacial adhesion and impart strength to the 
composite. A resin and hardener mixture of 10:1 is used to obtain optimum matrix composition. 




2.2.3 Polyester Resin 
Polyester resin is a liquid which will cure into solid when the hardener is added. It has been specially formulated to 
cure at room temperature. The hardener, MEKP (Methyl Ethyl Ketone Peroxide) is added to cure and also to harden the resin. 
2.2.4 Silicon carbide and Aluminium Oxide (Al2O3) 
Silicon carbide (SiC) is produced by combining silica sand and carbon in an Acheson graphite electric resistance 
furnace at a high temperature. It can also be prepared by the thermal decomposition of a polymer under an inert atmosphere at 
low temperatures. It has low density, high strength, high hardness, high thermal conductivity and also excellent thermal shock 
resistance. Silicon carbide is the one of the best filler material that is being used in composite.Aluminium oxide is a chemical 
compound of aluminium and oxygen. It is the most commonly occurring of several aluminium oxides, and specifically 
identified as aluminium (III) oxide. The mechanical properties of Al2O3 SiC are given in Table 1. 
 
 
Table 1: Mechanical Properties of Al2O3 and SiC 
PROPERTIES ALUMINIUM OXIDE SILICON CARBIDE 
   
Density(gm/cm3) 3.98 3.30 
Tensile Strength(MPa) 416.0 588.0 




3. Fabrication Procedure 
Resin transfer moulding is a method of plastic casting in which the mould is filled with a liquid synthetic resin, which 
then allowed hardening. It is mainly used for small-scale production like industrial prototypes and dentistry. It can be done by 
amateur hobbyists with little initial investment, and is used in the production of toys, models and figures, as well as small-scale 
jewellery production. 
The synthetic resin for such processes is a monomer for making a plastic thermosetting polymer. During the setting 
process, the liquid monomer polymerizes into the polymer, thereby hardening into a solid.  
1. To ensure your mould doesn't fall over during the casting process, secure your mould to a base. 
2. Carefully pour out required amount of reinforcement to completely fill the mould (allow small amount extra, better to be too 
much than not enough). 
3. Mix the reinforcement thoroughly into the resin using mixing head. 
4. After carefully measuring the correct amount of catalyst (1 to 2%) stir into resin completely, minimum surrounding 
temperature 16ºC. 
5. Pour catalysed resin mixture into the mould as slowly as possible to reduce the risk of introducing unwanted air into the 
sample. 
6. Allow casting to cure (approx. 4 hours in normal room temperature 25º C). 
7. Pure resin castings can be quite brittle so care must be taken when affixing them, using an epoxy adhesive or similar. 
8. Resin part filled with mineral powder is opaque but can still be pigmented and is tougher, with care it can be drilled and 








Table 2: Composition of various samples 
 
 
4. Testing of composites 
4.1. Shear test 
Shear test is done by loading butterfly specimen in the fixture. But, the holder is loaded at different angle (α = 90°) in the 
universal testing machine. The schematic diagram of the butterfly specimen is shown in Figure 1.  In Figure 2 the fractured 
specimen after shear test is shown. The corresponding load and strain obtained are plotted on the graphs to compare the shear 
strength of four samples I, II, III, IV. 
 
Figure 1: Schematic diagram of shear test specimen 
SAMPLE COMPOSITION 
  
Sample I SiC (3%) + Al2O3(3%) + Epoxy 
Sample II SiC (2%) + Al2O3(2%) + Epoxy 
Sample III SiC (3%) + Al2O3(3%) + Polyester 
Sample IV SiC (2%) + Al2O3(2%) + Polyester 






Fig 2: Shear tested specimenFig. 4: Butterfly specimen for biaxial stress test (α = 16.36) 
 
4.2. Biaxial stresses 
Biaxial stress can be obtained in a relatively simple manner by varying the angle α at which the load is applied. The 
experimental analysis of the specimens under ‘pure shear’ and with biaxial stress conditions was performed at angle (α = 
16.36). The biaxial testing was performed by varying the load angle, with same amount of load as in ‘pure shear’ condition. 
Figure 4 shows the experimental biaxial testing of the butterfly specimen. The corresponding load and strain obtained are 
plotted on the graphs to compare the biaxial stress for four samples I, II, III, IV. 
 
4.3. Tensile test 
The material’s ability to withstand a static load is determined by testing the material in tension or in compression. The 
test samples are prepared based on a given standard. A universal testing machine with maximum load rating of 400kN is used 
for testing. The test was carried out with the four different samples with Arcan fixture. 
4.4. Impact Test 
The Charpy impact test is performed to determine the amount of energy absorbed by material during fracture. This 
measures energy absorbed by the material and also acts as a tool to study temperature dependent ductile-brittle transition. The 
specimen is prepared as per IS: 1757 standard. 
4.5. Hardness Test 
In this test, resistance to indentation is measured. Therefore brinell hardness test is carried out. 
5. Results and Discussion 
5.1. Shear test result 
The shear test results are tabulated in Table 3. The sample graph obtained from universal testing machine is shown in 
Fig. 4. A typical load–displacement curve for four different samples of composites is shown in the Fig. 5.  The graph displays a 
linear rise in the load value over the range of load applied showing an elastic nature for all the four samples. Maximum shear 
strength of 7685 N/cm2 is obtained for sample II. The maximum displacement and maximum shear strength is obtained for 
sample II which is the GFRP reinforced polyester resin composite. Samples I and II have high shear strength as compared to 
samples III and IV proving that GFRP reinforced polymer composite is much better compared to SiC – Al2O3 polymer 
composite. The maximum shear stress of sample III as compared with sample IV shows that the shear strength of polyester 
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resin is better when compared to the epoxy resin composite when it is reinforced with GFRP. It can be observed from the graph 
that a smooth path is followed by the curve without any abrupt changes in displacement for all the four different samples. 
Table 3: Shear test result 
SAMPLE THICKNESS (mm) SHEAR STRENGTH (N/cm2) 
   
Sample I 6 6722 
Sample II 6 7685 
Sample III 6 4574 





Figure 4: Shear strength Vs test samples  
5.2. Tensile test result 
The results of the tensile test of all the four specimens are shown in table 4. From, the result it is concluded that 
sample I, possess more tensile strength than sample II. Also, sample III has more tensile strength than sample IV. Hence, it is 
clear that sample made with epoxy resin have higher strength as compared to sample made with polyester resin. 
 Table 4: Tensile test result 
SAMPLE THICKNESS (mm) TENSILE STRENGTH (N/cm2) 
   
Sample I 6 6123 
Sample II 6 5428 
Sample III 6 3976 
Sample IV 6 3769 





Figure 5: Tensile strength Vs. Test samples 
5.3. Biaxial stress results 
The biaxial stress test results for the test angle of 32.72° are tabulated in the Table 5. A typical load–displacement 
curve for four different samples of composites is shown in the Figure 6.  The graph shows a linear rise in the value of load over 
the range of load applied showing an elastic nature for all the four samples. 
 
Table 5: Biaxial stress result 
 
SAMPLE THICKNESS (mm) 
BIAXIAL STRESSES (N/cm2) 
(α = 32.72° ) 
   
Sample I 6 3824 
Sample II 6 5352 
Sample III 6 3136 













Figure 6: Biaxial stress Vs. Test samples 
605 S. Rajesh et al. /  Procedia Engineering  97 ( 2014 )  598 – 606 
 
 
5.4. Impact test 
 The Charpy test is performed by preparing the specimen as per IS: 1757 standard. The impact properties are 
shown in Table 6. 










5.5. Brinell hardness test 
 Brinell hardness test using hardened tungsten indenter is carried out on five samples and the results are furnished in 
Table 7. The diameter of ballshaped indenter is 10 mm and the load applied is 500 Kgf. From figure 8, it i found that the 
hardness value of sample 3 is greater than the other four samples. 
   
Table 7: Hardness property of the samples 
6. 
Conclusion 
In this work Al2O3 and SiC reinforced composite using epoxy and polyester resin is produced with resin transfer 
method. Their mechanical properties like tensile strength, shear strength, impact, hardness and biaxial strength are investigated 
by using Arcan fixture and results are obtained and the following conclusion were drawn. 
x From the four samples, the GFRPcomposites with epoxy resin have very high tensile strength 36.53MPa. 
x Also since adding of fillers in the composite,Silicon carbide the composite has provided very good stiffness 
and shrinkage has been reduced. 
x The biaxial stresses are more in GFRPcomposite with polyester resin of 40.7MPa. 
x The shear strength is also more in the GFRPcomposite with polyester resin of value 6.45kN. 
 
COMPOSITION OF COMPOSITE SPECIMEN 
 
ENERGY ABSORBED (J) 
  
Sample I 4.15 
Sample II 4.38 
Sample III 2.41 
Sample IV 4.52 
Composition of composite specimen Trial 1 
(BHN) 
Trial 2 (BHN) Trial 3 (BHN) Average Hardness(BHN) 
     
Sample I 53.73 54.71 54.69 54.37 
Sample II 52.98 55.66 54.59 54.41 
Sample III 61.48 61.56 61.49 61.51 
Sample IV 60.38 60.37 61.11 60.62 
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